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Abstract
This study examined the trend in the infant 
mortality rate in the Federal District of Brazil 
(or Greater Metropolitan Brasilia, the national 
capital) from 1990 to 2000, analyzing the rate 
according to 5 administrative areas stratified by 
mean family income, from 1996 to 2000. An eco-
logical time-series study was conducted using the 
Information Systems on Live Births and Mortal-
ity, produced by the Brazilian Ministry of Health. 
The infant mortality rate (IMR) decreased by 
45.2% from 1990 to 2000, from 26.3 per 1000 
live births to 14.4, or a mean annual reduction 
of 5.34% (R2 = 0.9397; p < 0.0001). During this 
period there was a higher proportion of neona-
tal deaths. However, a higher percentage change 
occurred in the post-neonatal period (-59.0%, R2 
= 0.8452, p < 0.0001). Investigation of the IMR in 
the various areas of the Federal District showed a 
reduction in differences among the regions with 
respect to the component rates; however, substan-
tial disparities persisted in relation to the income 
variable. The results suggest the need for effective 
interventions in the determinants of neonatal 
and post-neonatal mortality in order to improve 
maternal and infant health in all socioeconomic 
groups in the Federal District.
Infant Mortality; Maternal and Child Health; In-
formation Systems; Ecological Studies
Introduction
One of the principal indicators of quality of life 
and health for a given community is the infant 
mortality rate (IMR), which is highly sensitive 
for measuring social well-being and is directly 
related to the population’s environmental and 
socioeconomic conditions 1,2. IMR measures the 
risk of a newborn dying during the first year of 
life 3.
Infant mortality has undergone a continuous 
decline in recent years, but at different rates ac-
cording to country. While the IMR is low in de-
veloped countries like Japan (4.0 per 1,000 live 
births in 1995) 4, the current levels in developing 
countries like Brazil are higher than those in de-
veloped countries in the 1960s (Brazil’s IMR in 
2000 was 27.1) 5.
Meanwhile, the decline in Brazil’s IMR has 
been rather tenuous as compared to developing 
countries with similar socioeconomic charac-
teristics, and regional disparities between differ-
ent population groups have actually increased 
6,7,8,9,10. The difference in infant mortality be-
tween the South and Northeast of Brazil, which 
was 40% in the 1930s, increased to 140% by the 
late 1970s and 300% by the late 1990s 9.
The Federal District, where the national capi-
tal is located, has shown a downward trend in 
IMR to levels similar to those in various States 
of the country, from 41.0 per 1,000 live births in 
1980 to 23.8 in 1989 11.
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The present study aimed to characterize in-
fant mortality trends in the Federal District from 
1990 to 2000, analyzing differences in overall IMR 
and component rates with regard to family so-
cioeconomic status in the administrative areas 
comprising the Federal District.
Methods
The Federal District is located in the Central West 
region of Brazil and has an area of 5,789 km², cur-
rently divided into 19 administrative areas. Ac-
cording to the 2000 census, the Federal District 
had 2,051,000 inhabitants, approximately 2% in-
fants (< 1 year of age) 12,13.
In 1998, the Federal District ranked first, 
ahead of all the States in Brazil, in the human 
development index (HDI). The United Nations 
recommends the HDI as an overall indicator of 
human development based on income, educa-
tion, and life expectancy 14.
The Federal District HDI was 0.869 in 1998, 
indicating a high degree of human develop-
ment, higher than the overall index for Brazil in 
2000 (0.757), when the country ranked 73rd 
worldwide 10,14.
An ecological time-series study was conduct-
ed, based on data from the Mortality Information 
System and Live Births Information System coor-
dinated by the Brazilian Ministry of Health 15. The 
quality of Federal District mortality data is con-
sidered adequate 16,17. The infant mortality rate 
has been calculated directly since 1999, although 
the data quality had been proven even earlier.
The study population consisted of all re-
corded deaths of infants (< 1 year of age) in the 
Federal District from 1990 to 2000. The study 
adopted the definitions of infant mortality and 
the component rates as proposed by the World 
Health Organization (WHO) and Brazilian Min-
istry of Health 18.
Since there was a marked change in the com-
position of the administrative areas in the Fed-
eral District from 1990 to 1995, it was not possible 
to stratify by administrative area before 1995. The 
first study of the decentralized Federal District 
based on administrative areas was performed in 
1996, when separate data had become available 
for the currently existing administrative areas un-
der the Federal District’s spatial apportionment. 
To determine the development of spatial dif-
ferences in infant mortality in the Federal Dis-
trict, the administrative areas were aggregated in 
5 groups as of 1996, according to mean family in-
come as suggested by the Committee for the De-
velopment of the Central Plateau (CODEPLAN) 19 
and described in Table 1. Data on family income 
were obtained by CODEPLAN through the Fed-
eral District Socioeconomic Family Survey, using 
a probabilistic sample. The regions formed by the 
5 groups of administrative areas do not always 
form areas with common borders.
The 1990-2000 trends in IMR and component 
rates by age for the five groups of administra-
tive areas and the entire Federal District were 
analyzed with an exponential regression model, 
which was both well-adapted to the data and sta-
tistically powerful 20. 
Besides the mean annual decline (%), the de-
termination coefficient (R2) was also analyzed, 
with an α of less than 0.05 considered significant. 
To analyze the relationship between income spa-
tial groups, the infant mortality rates ratio was 
obtained, using the mortality rate for the highest 
family income group as the reference.
Results
The IMR has declined consistently in the Federal 
District in recent years. From 1990 to 2000 there 
was a 45.2% decline in IMR, from 26.3 to 14.4 per 
1,000 live births. As shown in Table 1, the mean 
annual decrease was 5.34%. The exponential IMR 
reduction was 0.0533 per year during that period, 
showing a representative decline and maintain-
ing the trend from the previous decade (Table 2 
and Figure 1).
Of the recorded infant deaths, the highest 
proportion occurred during the neonatal period, 
but the largest decline was post-neonatal. The 
post-neonatal mortality rate in 1990 was 10.5 per 
1,000 live births, dropping to 4.3 in 2000, or a de-
crease of 59% and a mean annual drop of 7.8%. 
The exponential trend was -0.0437 per year (R2 = 
0.852; p < 0.001).
During the period studied, the 35.1% change 
in the neonatal mortality rate was due to a 41.5% 
drop in early neonatal mortality, since late neo-
natal mortality did not change (R2 = 0.0046, p = 
0.8). The mean annual decrease in the neonatal 
mortality rate was 3.85%, as compared to 4.76% 
in the early neonatal mortality rate.
Infant mortality provides evidence of key 
socioeconomic differences among the various 
administrative areas in the Federal District, al-
though these differences in the IMR and compo-
nent rates have been decreasing over the years 
(Tables 3 and 4).
The infant mortality trend in Group 1, with the 
highest income in the Federal District, showed 
an increase in IMR and component rates from 
1996 to 2000, with the exception of early neonatal 
mortality, which declined by 5.4%, or 1.14% per 
year. However, only the positive changes in late 
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Table 1
Stratifi cation of administrative areas in the Federal District, Brazil, according to mean monthly family income.
 Economic class * Administrative area Mean monthly Mean monthly Percentage of total Live births
   family income ** family income Federal District 1996 2000
    for group ** population ***
 Group 1 I – Brasília 32.5
  XVI – Lago Norte 52.7
  XVIII – Lago Sul 65.8 50.3 12.3 4,452 4,166
 Group 2 III – Taguatinga 16.1
  VIII – Núcleo Bandeirante 18.1
  X – Guará 20.7
  XI – Cruzeiro 24.0 19.7 22.5 9,348 9,527
 Group 3 II – Gama 9.0
  V – Sobradinho 11.0
  XVII – Riacho Fundo 9.8
  XIX – Candangolândia 11.4 10.3 15.5 7,475 7,664
 Group 4 IV – Brazlândia 6.5
  VI – Planaltina 6.1
  IX – Ceilândia 7.6
  XII – Samambaia 7.6 7.0 34.5 18,070 18,142
 Group 5 VII – Paranoá 4.6
  XIII – Santa Maria 5.0
  XIV – Agrovila São Sebastião 5.3
  XV – Recanto das Emas 4.7 4.9 15.2 5,864 7,305
* Companhia do Desenvolvimento do Planalto Central 19;
** In times the monthly minimum wage;
*** Anuário Estatístico do Distrito Federal 12.
Note: The monthly minimum wage in February-April 1997 was approximately U$107 (R$112).
neonatal mortality (p = 0.002) and IMR (p = 0.02) 
were significant. Meanwhile, in 1996 Group 1 had 
the lowest IMR, compared to the other 4 groups 
(Table 4). In 2000, its IMR was only higher than 
that of Group 2 (11%), which included the second 
highest-income areas, next to Group 1.
In Group 2, every component of infant mor-
tality declined, but the difference in the post-
neonatal mortality rate was not statistically sig-
nificant (p > 0.05). 
Group 3 showed the same infant mortality 
trend as in Group 1, but to a lesser degree and 
not statistically significant (p > 0.05), indicating 
stagnation in the rates during the 5-year period. 
Still, the gap between mortality rates in Groups 1 
and 3 decreased: in 1996, the IMR in Group 3 had 
been 84% higher than in Group 1, but by 2000 the 
difference was only 17%.
The IMR in the other income groups under-
went a statistically significant decrease (p < 0.05). 
However, when the infant mortality components 
were analyzed separately in Groups 4 and 5, al-
though there was some percentage change in all 
of them, a significant reduction only occurred in 
early neonatal mortality in Group 4 (p = 0.02).
Based on data in Table 3, the largest reduction 
in IMR and the component rates was in Group 2, 
followed by Group 5, the latter having the lowest 
income in the Federal District. Unlike the other 
groups, 2 and 5 showed the greatest drop in IMR, 
with -45.1% and -30.4%, respectively, in the late 
neonatal component (p > 0.05).  
Despite the increase in IMR in Groups 1 and 3 
from 1996 to 2000, the highest IMR in the Federal 
District was in the lowest income group (number 
5). However, the difference between Group 5 and 
that with the lowest IMR decreased during the 
period studied (155% in 1996, but only 18% by 
2000). 
As for the infant mortality components, 
the largest decline in neonatal mortality was in 
Group 2 (p = 0.004), which had the lowest neo-
natal mortality rate in the Federal District in 2000 
(7.1/1,000 live births).
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Table 2
Results of exponential regression analysis of infant mortality rate and its components. Federal District, Brazil, 1990 and 2000.
 Mortality rate Number of deaths Mortality rate Mean annual Exponential R2 p value
   (per 1,000 live births) decline (%) model
 1990 2000 1990 2000 ∆ %
 Early neonatal 474 365 13.0 7.6 -41.5 -4.76 Y = 13.033e-0.0437x 0.8619 < 0.0001
 Late neonatal  89 113 2.4 2.4 – – Y = 2.6744e-0.0019x 0.0046 0.8
 Neonatal 563 478 15.4 10.0 -35.1 -3.85 Y = 15.703e-0.0354x 0.8292 < 0.0001
 Post-neonatal 384 207 10.5 4.3 -59.0 -7.80 Y = 9.7937e-0.0437x 0.8452 < 0.0001
 Infant * 960 691 26.3 14.4 -45.2 -5.34 Y = 26.496e-0.0533x 0.9397 < 0.0001
  1990 2000
 Live births 36,460 47,982
R2: Determination coeffi cient;
* Including deaths of infants (< one year) with unknown age (1.3% in 1990; 0.9% in 2000).
Figure 1
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The greatest reductions in the post-neonatal 
mortality rate were in Groups 4 (p = 0.02) and 2 
(p > 0.05), and the greatest increase was in Group 
1 (131.5%), although not significant (p > 0.05). 
Group 1 thus had the lowest post-neonatal mor-
tality rate in the Federal District in 2000 (3.1 per 
1,000 live births).
Discussion
The infant mortality rate reflects a population’s 
living conditions, nutrition, and health, as well 
as aspects related to the social responsibility of 
a given society and its government, since it indi-
cates the odds of infant survival 21.
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Table 3
Infant mortality rate and components in 5 groups of administrative areas based on mean monthly family income.
Federal District, Brazil, 1996 and 2000.
 Mortality rate Number of deaths Mortality rate * Mean annual p value
 1996 2000 1996 2000 ∆ % decline (%)
 Group 1       
  Early neonatal  24 21 5.4 5.1 -5.4 -1.14 0.82
  Late neonatal  4 18 0.9 4.3 380.9 36.72 0.002
  Neonatal 28 39 6.3 9.4 49.8 8.33 0.11
  Post-neonatal 6 13 1.3 3.1 131.5 18.98 0.08
  Infant 34 52 7.6 12.5 63.4 10.46 0.02
 Group 2       
  Early neonatal  78 53 8.3 5.6 -33.3 -7.57 0.02
  Late neonatal  25 14 2.7 1.5 -45.1 -11.09 0.07
  Neonatal 103 67 11.0 7.1 -35.6 -8.38 0.004
  Post-neonatal 50 38 5.3 4.0 -25.4 -5.47 0.17
  Infant ** 153 107 16.3 11.1 -31.9 -7.40 0.002
 Group 3       
  Early neonatal  66 62 8.8 8.1 -8.4 -1.64 0.62
  Late neonatal  9 18 1.2 2.3 95.1 13.90 0.10
  Neonatal 75 80 10.0 10.4 4.0 0.79 0.8
  Post-neonatal 30 32 4.0 4.2 4.0 0.98 0.9
  Infant 105 112 14.0 14.6 4.0 0.84 0.77
 Group 4       
  Early neonatal  156 129 8.6 7.1 -17.6 -3.76 0.1
  Late neonatal  56 47 3.1 2.6 -16.4 -3.46 0.36
  Neonatal 212 176 11.7 9.7 -17.3 -3.68 0.06
  Post-neonatal 106 76 5.9 4.2 -28.6 -6.57 0.02
  Infant 318 252 17.6 13.9 -21.1 -4.61 0.005
 Group 5       
  Early neonatal  56 55 9.5 7.5 -21.2 -4.62 0.21
  Late neonatal  15 13 2.6 1.8 -30.4 -7.09 0.34
  Neonatal 71 68 12.1 9.3 -23.1 -5.13 0.12
  Post-neonatal 43 40 7.3 5.5 -25.3 -5.50 0.18
  Infant 114 108 19.4 14.8 -24.0 -5.27 0.04
* Per 1,000 live births;
** Including deaths of infants (< one year) with unknown age (in 1996, none; in group 2, 0.9% in 2000).
Due to the effectiveness of measures to de-
crease the IMR (specific actions in health and 
education), infant mortality has been treated as 
a priority health problem in developed countries 
as well, where very low IMR levels have been 
reached.
Income is one of the most widely used mea-
surements of socioeconomic status with a direct 
impact on infant mortality 22. In Andrade et al. 22, 
where income and schooling were chosen as 
indicators to detect inequalities in perinatal 
mortality, income was the variable that most ex-
plained IMR inequalities. This is one reason why 
the current study used this variable, while rec-
ognizing that different realities can be obtained, 
depending on the variables selected to measure 
living conditions 23.
There was a real and consistent decline in 
infant mortality in the Federal District, current-
ly showing among the lowest infant mortality, 
neonatal mortality, and post-neonatal mortality 
rates in Brazil 18. In the 1990s, the mean annual 
decline in the Federal District was the same as 
for the previous decade (5.3%) 11, but there was 
no apparent increase in this downward trend in 
the IMR. None of the States of Brazil with low IMR 
showed a mean annual decline close to that of the 
Federal District, with the greatest drop (5.27%) 
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occurring in the city of Belo Horizonte; however 
infant mortality in this city was higher than in the 
Federal District (22.1 in 1998) 24.
Meanwhile, the overall trend was not ob-
served in all administrative areas of the Federal 
District. The results for Group 1, consisting of 
the most highly developed administrative areas, 
was unexpected, as was the convergence of rates 
(among groups of administrative areas) towards 
values close to 15.0 per 1,000 live births. This may 
have resulted from the saturation of effects of 
some environmental interventions and various 
previously achieved benefits 21. Goldani et al. 25 
observed a similar situation (in an economically 
better-off group) in a city in São Paulo State.
From 1990 to 2000, the Federal District expe-
rienced changes in both its geographic structure 
and demographic make-up. The population in-
creased by 21.6%, largely due to migration to the 
National capital. New administrative areas (also 
known as “satellite cities”) emerged from the 
reapportionment of existing areas and the for-
mation of new ones to absorb the rapid popula-
tion growth. Meanwhile, there was no significant 
improvement in factors determining the quality 
of life, like income, housing, and education, and 
there was a lack of proportional growth in avail-
able health services; for example, from 1995 to 
1999 the number of hospital beds decreased by 
13.7% 12.
The largest proportion of infant deaths oc-
curred during the neonatal period, a global trend 
accompanying the reduction in the IMR. The 
same trend had already been seen in the previous 
decade in the Federal District 11 and elsewhere in 
Brazil and Latin America 26,27.
Particularly noteworthy was the stagnation in 
the overall late neonatal mortality rate in the Fed-
eral District, due to the increase in some areas, 
indicating the need to adopt specific measures to 
directly impact this rate, such as interventions in 
maternal health conditions like nutritional and 
socioeconomic status, as well as improved pre-
natal, childbirth, and neonatal care 18,26.
Another possible explanation for the persis-
tent late neonatal mortality rate is that neonatal 
intensive care and health technology can prolong 
the newborn’s life, even in the face of decreased 
odds for longer-term survival 28. 
Although maintaining the same rate of de-
cline as in the previous decade, a decrease in the 
infant mortality rates was observed in various 
groups in the Federal District, which could be 
explained by the expanded coverage of specific 
health services such as immunization 12 and the 
promotion of breastfeeding 28 and extension of 
overall health services 13. However, there were no 
substantially positive changes in the social struc-
ture. Such changes should be prioritized, with 
resource allocation, political determination, and 
social responsibility, aimed at effective interven-
tions in both neonatal and post-neonatal mor-
tality and an emphasis on perinatal problems 
related to maternal and infant health.
The downward trend in the IMR in the Fed-
eral District from 1990 to 2000 was similar to that 
in the 1980s 11. However, when the rate was ana-
lyzed based on the five groups comprising the 19 
administrative areas, key differences were identi-
fied, related to socioeconomic status and living 
conditions. In Groups 1 and 3 the IMR increased, 
while other groups showed a decrease, with the 
largest percentage change in Groups 2 and 5. The 
latter includes the “satellite cities” with the lowest 
mean family income and worst living conditions 
and is thus a top priority for interventions to ef-
fectively reduce infant mortality.
The data presented in this study showed an 
unexpected result when the 5 groups of adminis-
trative areas comprising the Federal District were 
Table 4
Ratio of mortality rates among 5 groups of administrative areas based on mean monthly family income. 
Federal District, Brazil, 1996 and 2000.
 Mortality Ratio of mortality rates among 5 groups of administrative areas in Federal District
 2/1 3/1 4/1 5/1
  1996 2000 1996 2000 1996 2000 1996 2000
 Early neonatal  1.54 1.10 1.63 1.59 1.59 1.39 1.76 1.47
 Late neonatal  3.00 0.35 1.33 0.53 3.44 0.60 2.89 0.42
 Neonatal 1.75 0.76 1.59 1.11 1.86 1.03 1.92 0.99
 Post-neonatal 4.08 1.29 3.08 1.35 4.54 1.35 5.62 1.77
 Infant 2.14 0.89 1.84 1.17 2.32 1.11 2.55 1.18
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analyzed. Despite evidence of the overall good 
quality of death records in the Federal District, 
incorrect information on place of residence can 
occur and lead to overestimation of mortality, 
especially in higher-income areas. Group 1 also 
includes a poor area that could tend to increase 
the number of deaths recorded there.
However, this evidence does not rule out the 
importance of socioeconomic variables, because 
although there was a reduction in the differences 
in IMR among the 5 groups of administrative 
areas, the highest IMR was in the group of ad-
ministrative areas with the lowest income and 
vice versa (the lowest IMR in the highest income 
areas). An in-depth causal investigation is thus 
necessary.
According to a study by Sena 29 on breast-
feeding prevalence in the Federal District, from 
1994 and 1999 there was an increase in exclusive 
breastfeeding in all income groups, with the ex-
ception of Group 1 (with a decrease of 9.3%). The 
largest increase in average duration of exclusive 
breastfeeding was in Groups 2 (36.3%) and 5 
(103%), and the latter had a longer mean dura-
tion of exclusive breastfeeding than Group 1.
Therefore, more effective measures to im-
prove living and health conditions in these popu-
lation groups are needed to avoid IMR stagnation 
at persistently high levels.
The current study thus helps elucidate infant 
mortality trends in the Federal District, an area of 
Brazil with some of the greatest social inequali-
ties, combining migrants from poorly developed 
areas of the country and others with some of its 
highest per capita income. The results indicate 
the need for in-depth study of the various bio-
social and economic variables affecting infant 
mortality, in order to plan and implement action 
strategies with real impact on the rates observed 
in the Federal District.
Resumo
O objetivo deste estudo é verificar a tendência da mor-
talidade infantil no Distrito Federal, Brasil, no período 
de 1990 a 2000 e descrevê-la, entre 1996 e 2000, nas 
cinco áreas do Distrito Federal estratificadas de acordo 
com a renda familiar média. Foi realizado um estudo 
ecológico de série temporal utilizando-se os Sistemas 
de Informação sobre Nascidos Vivos e Mortalidade 
produzidos pelo Ministério da Saúde. O coeficiente 
de mortalidade infantil (CMI) reduziu 45,2% entre 
1990 e 2000, passando de 26,3 para 14,4 por mil nasci-
dos vivos, sendo a taxa anual de decréscimo de 5,34% 
(R2 = 0,9397; p < 0,0001). Ocorreu no período maior 
proporção de óbitos no período neonatal, porém, o 
maior decréscimo ocorreu no componente pós-neona-
tal (-59%, R2 = 0,8452; p < 0,0001). Quando avaliado o 
CMI nas diversas áreas do Distrito Federal, observa-se 
que houve uma redução na diferença entre as regiões 
no que diz respeito a seus componentes, porém foram 
mantidas distorções importantes quanto à variável 
renda. Os resultados sugerem que há necessidade de 
intervenção efetiva nos determinantes da mortalidade 
infantil e seus componentes que resulte na melhoria 
da saúde materno-infantil em todos os grupos sócio-
econômicos do Distrito Federal.
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